Infection congénitale à cytomégalovirus chez des nourrissons canadiens à haut risque : Rapport d'une étude pilote de dépistage OBJECTIFS : L'infection congénitale à cytomégalovirus (cCMV) est la plus courante des infections congénitales. Toutefois, au Canada, l'épidémiologie de la maladie n'a pas récemment fait l'objet d'analyse. La présente recherche prospective testait des outils pour une étude de population sur l'infection à cCMV au Canada, en déterminant la séroprévalence et les facteurs de risque maternels, les caractéristiques cliniques et l'incidence de l'infection à cCMV à l'aide de diverses épreuves diagnostiques auprès d'une cohorte de nourrissons à risque élevé du Nord de l'Alberta. and 0.55% (28) . Because social factors such as day care usage, breastfeeding practices, family size and immigration patterns may influence the incidence of CMV infection, the seroprevalence in women of childbearing age may have changed over time (29, 30) . In addition, in a geographically large and socially diverse country such as Canada, it cannot be assumed that data generated from one part of the country can be extrapolated to another geographical area. Although cCMV infection is known to affect fetal growth, there is limited information on the rate of infection in infants of low birth weight. (14, 19) . Current incidence data derived from specific populations are critical in planning targeted intervention strategies. Molecular diagnostic techniques (polymerase chain reaction [PCR] ) have been developed which may improve the logistics of screening large populations of newborn infants (31) (32) (33) . These assays have been performed on saliva, urine and dried blood spots (DBS) routinely collected for neonatal metabolic screening. The use of DBS has been recommended as a sensitive and convenient method for routinely screening large populations of infants (34) , while other groups have recommended using throat swab (3) .
MÉTHODES : Tous les nourrissons nés au
There is a need for cCMV screening programs for several reasons. Intervention strategies are increasingly available (30) . The advantages of diagnosing hearing loss early in infancy and early childhood have been well documented (35) , and universal newborn hearing screening has been recommended by the National Institutes of Health (USA) (31) . However, screening in the newborn period would miss more than one-half of the cases of sensorineural hearing loss caused by cCMV (36) . Also, there is evidence that antiviral therapy with ganciclovir in neonates with neurological manifestations of cCMV infection improves hearing outcome (37) , and further studies are being initiated to assess longer-term therapy with oral antiviral agents.
The ultimate solution for cCMV disease is prevention of infection. An immunization program, analogous to the congenital rubella success story, would be ideal (38) . To that end, vaccines are being developed and some have been assessed in clinical trials (39) with the CMV glycoprotein B vaccine showing 50% efficacy to prevent infection (40) . While awaiting the successful development of vaccines, educating pregnant women about how to avoid infection has been proposed (3, 41, 42) .
In the present study, tools for a prospective cCMV screening program were evaluated in a high-risk group of newborns in northern Alberta. While this population may not be representative of the population as a whole, this high-risk group was selected to limit the number of subjects in the pilot study while at the same time targeting a cohort which was expected to have a higher incidence of cCMV. The maternal seroprevalence and risk factors for CMV serostatus were determined. The feasibility and validity of a standardized questionnaire, case report form, collection of specimens and use of various laboratory screening tools were assessed. The incidence of cCMV infection was determined for this high-risk group of Canadian infants.
METHODS

Study setting
The study was conducted from June 1, 2003, to May 31, 2004 , at the Royal Alexandra Hospital (RAH) in Edmonton, Alberta. The hospital provides perinatal care to the city of Edmonton and is the sole provider of tertiary level neonatal intensive care to the entire population of northern Alberta and much of the western Arctic. All newborns admitted to this hospital were screened for the study.
Eligibility criteria
To be eligible for the study, infants had to be 14 days of age or younger, expected to survive more than 24 h, and meet the inclusion criteria for one of three categories of high-risk infants: infants of very low birth weight (VLBW) who were 1250 g at birth or less; infants who were small for gestational age (SGA) with a birth weight at the third percentile or lower; and infants with severe or life-threatening respiratory failure defined as requiring high-frequency ventilation or with an oxygenation index of 25 or greater. These groups of infants were considered to be at potentially higher risk of either cCMV or hearing loss. After informed written consent was obtained from the parent or guardian of each participant, the study procedures were undertaken. A separate maternal consent was obtained for testing frozen maternal sera collected as part of the routine prenatal screening in early pregnancy. The study was approved by the Health Research Ethics Board of the University of Alberta (Edmonton, Alberta).
Screening methods Recruitment and clinical:
All infants admitted to all of the RAH newborn nurseries (level III neonatal intensive care unit, level II nurseries and normal newborn nursery) were screened. Infants fulfilling the entry criteria were identified from the admission lists, and the parent or legal guardian was approached by neonatal research nurses during weekday normal working hours. A log was maintained to account for all eligible patients and document the reasons for nonparticipation in the study. The study nurse completed a case report form using a combination of a newly developed parent interview questionnaire and chart review. Epidemiologic and demographic assessment: Data on risk factors associated with maternal serostatus or cCMV infection such as maternal age, parity, ethnicity, country of birth, urban or rural residence (as determined by the second digit of the postal code), educational and income level, occupation, number and age of household contacts and day care exposure were collected. Information obtained by both the interview and chart review was compared to assess the reliability of the interview questionnaire. Comparisons were made between the SGA and VLBW infant groups and between the CMV seropositive and seronegative mothers. Laboratory assessment: Maternal serology -testing for CMV immunoglobulin G (IgG) antibody (Enzygnost anti-CMV IgG, Dade Behring, USA) was performed according to the manufacturer product insert at the conclusion of the study. Neonatal virology -Specimens for the study were collected within the first 14 days of life and submitted to the Provincial Laboratory for Public Health (Edmonton, Alberta) using a special study requisition. The throat swabs were collected in M5 viral transport media (M5, Remel Products, USA) and the urine specimens were collected in a sterile container. The specimens were processed for CMV shell vial culture according to routine diagnostic procedures (Merifluor CMV, Meridian Bioscience Inc, USA) and aliquots were frozen at -70°C for PCR testing at the end of the study period (see PCR method). Results of CMV shell vial cultures were reported to the clinicians as soon as they were available. Infants identified as CMV infected were investigated for the manifestations of cCMV disease including cranial computed tomography scan, audiology and ophthalmology assessments, complete blood count and liver function tests. Many of the infants also received these investigations as part of the routine care for high-risk infants and all the results were collected to assess the feasibility of the case report form. Neurodevelopmental follow-up was provided for all CMV-positive infants by the Glenrose Rehabilitation Hospital Neonatal and Infant follow-up clinic and audiology department in Edmonton, Alberta. The Glenrose clinic and the infants' community pediatricians were also consulted to obtain the long-term follow-up after one year.
On a monthly basis, the list of infants identified as study participants was provided to the provincial metabolic screening unit so that one of the DBS collected on filter paper as part of routine neonatal metabolic screening could be saved for PCR testing. The pathology department was monitored for autopsy findings consistent with cCMV infection on infants greater than 22 weeks' gestation (live or stillborn) during the study period. PCR method -Two hundred microlitres of the stored urine sample was used for DNA extraction using a Qiagen DNA mini kit (Qiagen Inc, Canada) according to the manufacturer's protocol. DNA was eluted from the column with 50 mL of distilled water. Similarly, 200 µL of the stored M5 viral transport media for the throat swab was used in the Qiagen extraction. Each blood spot was incubated at room temperature for 30 min, with brief vortex every 5 min to 10 min in 300 µL TE buffer containing 10 mM Tris HCL and 1 mM EDTA at pH 8.0. Proteinase K digestion was performed at 56°C for 10 min after the addition of 200 µL of lysis buffer which contained 9 M guanidine thiocyanate, 100 mM Tris-HCl, 2.8% Triton X-100 and 50 mM EDTA. Nucleic acid extraction of the solution was performed using MagaZorb DNA extraction kit (Cortex Biochem, USA) according to the manufacturer's instructions. Laboratory-developed CMV DNA PCR (CMV LC-PCR) was performed on the LightCycler (Roche Diagnostics, USA) using primers gpB1 and gpB2 of the CMV glycoprotein B gene with an expected 254 base pair product as previously described (43) . The limit of detection of the CMV LC-PCR is one copy per PCR reaction with accurate quantitation when there are 10 copies per PCR reaction. The hybridization donor probe with a fluorescein 3' end label and the acceptor probe with an LC-Red 640 5' end label were used for real-time detection during the CMV LC-PCR. Briefly, 5 µL of DNA extracted from either the throat swab, urine or DBS were put in a PCR reaction mixture containing 4 mM magnesium chloride, 0.5 mM of each primer, 0.2 mM of each probe and 2 µL of the reagent from a LC-FastStart DNA Master hybridization probe kit (Roche Diagnostics, USA) and added to the capillaries. Positive and negative controls were included in each PCR run. For data analysis, baseline adjustment was performed in the arithmetic mode of the LC software, version 3. Positive specimens were defined by a fluorescence signal that was higher than the background. The CMV copy number per PCR reaction was calculated based on the crossing thresholds of positive samples compared with crossing thresholds of serially diluted CMV plasmid standards. For samples that were tested negative with the CMV LC-PCR, DNA extracted from CMV-infected MRC cells were added to the samples and the LC-PCR repeated. The presence of inhibitors was detected by a negative result of the second LC-PCR.
Data analysis
Frequencies were calculated for categorical data, and c 2 tests or the Fisher's exact test compared the study groups. Some categories were combined from the original questionnaire (eg, employment status categories were combined into employed outside the home or not). Proportions were calculated for key outcomes. Successful collection rates for each specimen type were calculated as proportions of the total subjects. The incidence rate of cCMV was determined by calculating the proportion of patients entered in the study who had a positive CMV culture. Continuous data were presented as mean ± SD or median and range depending on the skewness of the data. Two sample t tests and Wilcoxon's rank sum tests were used to compare group means or medians, respectively. Multivariable analyses were not performed because of the small numbers of infected infants.
Missing and incomplete data were investigated. The number of eligible infants who were not tested was determined and the reasons were documented. The number of specimens collected from each study subject was recorded. The reasons for not collecting specimens or difficulty collecting specimens were documented. The time required to complete the protocol for each candidate was also recorded. Cases with discrepancies between PCR results and urine shell vial culture were investigated with follow-up viral cultures, prenatal serology on the mothers and outcome data on the infants affected. A P<0.05 was considered to be statistically significant. SPSS (SPSS Inc, USA) and S-Plus (S-Plus 7.0 for Windows, Insightful Corporation, 2005) were used for analyses.
RESULTS
Recruitment and clinical
There were a total of 213 infants from the three inclusion groups eligible for the study; Table 1 accounts for all eligible infants and compares the birth weights and gestational ages of these groups. Because there were only four infants in the respiratory failure group, with a mean birth weight of 1584 g, and their inclusion did not change the results, they are included with the VLBW infants in subsequent analyses. Overall, the parents of 179 (84%) infants were contacted and 137 (77% of those contacted) gave their consent. The primary reasons families were not contacted for participation in the study were neonatal death (7%) for VLBW infants and discharge from hospital before families could be contacted (18%) for SGA infants. For the SGA infants, the gestational age and birth weight of the infants who were contacted were significantly lower than those who were not. There was no evidence of a statistically significant difference in gestational age and birth weight for those who consented and those who did not.
The incidence of jaundice, anemia and thrombocytopenia was higher in the VLBW infants than the SGA infants. However, anemia developed earlier in the SGA infants, suggesting that the abnormality in this group was less likely to be iatrogenic and more likely to be congenital. There were no infants in either group described with hepatomegaly or splenomegaly; only three infants had a rash. Three infants had congenital anomalies consisting of one each of hypospadias, tetralogy of Fallot, and cleft lip and palate.
Epidemiological and demographic
All of the clinical details of the cases with positive CMV testing results were effectively captured by the case report form, and no additional retrospective chart review was required to describe the initial case presentations. A parent interview and chart review was completed for all study participants. For 130 of the 137 infants, the date of birth recorded at the interview agreed with the date of birth entered from the chart review. For three infants, the information was not recorded at the interview, two were discordant by one day, one was discordant for two days and one was discordant for 61 days. The time of birth was consistent between the interview and chart review for 112 of 137 infants. For three infants, the time was not recorded; for 22, the time of birth was discordant. The mean discrepancies for 21 cases was 5.3 min; one interview reported the time of birth as different by almost 22 h. The interviews were easy to administer and complete, and required approximately 10 min to perform. There were 128 interviews conducted for 137 study subjects because there were multiple births accounting for 19 infants being born to nine mothers (eight sets of twins, one set of triplets). The respondent was the mother for 81 infants, the father for six, both mother and father for 36, and other caregiver for two.
The demographic data were compared for the SGA and VLBW groups. There was no evidence of a statistical difference between the groups for the variables assessed and the whole study group (n=128) of high-risk infants is summarized together. The mean age of the mothers was 27.6 years (range 15.7 to 45.1 years) and 30.2 years for the fathers (range 17.1 to 50.2 years). The majority of mothers (85 of 125; 68%) were Caucasian and 20 (16%) were Aboriginal (including First Nations). Of mothers, 33 (26%, n=125) had only completed primary school, 50 (40%) had completed high school and the remaining 42 (34%) had completed some form of postsecondary education. Married mothers numbered 54 (43%, n=125); 42 (34%) were living common law. The majority of mothers (74, 59%, n=125) were engaged in full or part-time employment outside the home, and five mothers were employed in child day care. For the fathers, a variety of other employment was recorded and no clustering of any one particular job was observed. Household income was reported for 106 of the infants.
The study group as a whole (SGA and VLBW together) was then analyzed for risk factors for maternal CMV seropositivity. Six mothers (two of VLBW and four of SGA infants) had missing serology results. Therefore, results on 121 mothers were available for analysis; 55% of the mothers were CMV seropostive. The demographic characteristics of the seropositive and seronegative mothers are compared in Table 2 . The results are presented as either continuous or discrete variables. For discrete variables, the count (percentage of the total for the variable) is presented; for continuous variables, the mean ± SD is presented. There was no evidence of a difference in any of the continuous variables measured. There was evidence of a difference in maternal parity with the number of abortions being higher for the seronegative group (P<0.05), and the number of live births (P<0.05) and household exposure to young children (P<0.05) being higher in the seropositive group. The identification of the mother's type of employment was quite variable with 60 different responses; therefore, these responses were not compared statistically. They were assessed qualitatively by the investigators and no clustering of type of employment was identified. Specifically, the number of mothers employed in the child day care setting was not different between the seropositive and seronegative groups.
The most significant associations with maternal seropositivity were maternal ethnicity with First Nations mothers having a seroprevalence of 100%, mothers of other Aboriginal status 67%, Asian mothers 100%, black mothers 100% and Caucasian mothers 34% (P<0.05). Country of birth was also significantly associated, with 45% of mothers born in Canada and 94% of mothers born outside of Canada being seropositive for CMV (P<0.05). Canadian-born Caucasian mothers had a seropositivity rate of 33% (27 of 81).
Laboratory results Neonatal virology and PCR:
Throat swab was the most reliably collected specimen on all infants. It was successfully collected and processed for viral culture in 130 of 137 infants. The reason given in two of the cases for the throat swab not being collected was parental refusal. Urine for viral culture was collected and processed in 111 of 137 infants and was successfully collected less often for SGA infants. The commonest reason given for not collecting the urine was that the infant was discharged before the specimen could be collected. Most patients (97%) had a throat and/or urine specimen collected (77 of 79 VLBW infants and 56 of 58 SGA infants) ( Table 3) . Not all specimens were tested by CMV LC-PCR because the specimens were not always identified as part of the study; thus, aliquots were not stored for testing at the end of the study and specimens could not be recollected at that time. Only 105 DBS specimens were retrieved from the metabolic screening centre and 95 of these were handled in a manner that would allow reliable PCR testing. Four subjects had CMV-positive results, which are summarized in Table 3 . Two infants tested positive by both culture and CMV LC-PCR. Case 1 was an SGA infant born to a Canadianborn 28-year-old woman of high socioeconomic status. The mother had a negative IgG and an indeterminate IgM to CMV at 12 weeks' gestation and was IgG and IgM positive to CMV at delivery, thus confirming a primary maternal infection with CMV during gestation. This infant was symptomatic with thrombocytopenia, abnormal cranial imaging and deafness in the newborn period and was positive for CMV on viral culture of urine and throat, LC-PCR positive from both urine and throat and LC-PCR positive on DBS. Case 2 was a VLBW infant born to a 42-year-old non-Canadian-born woman who was IgG positive to CMV at 10 weeks' gestation and likely had reactivation infection during gestation. The infant was asymptomatic for cCMV and remained normal developmentally and audiologically at one year of age. This infant was culture and LC-PCR positive from both urine and throat but was negative from the DBS. Two infants (case 3 [VLBW] and case 4 [SGA]) tested positive by CMV LC-PCR in various specimen types and were negative by culture. Both of these infants were asymptomatic for cCMV at birth and on follow-up after one year of age. Both infants were negative for CMV on viral culture of urine recollected after one year of age when results of PCR assays became available. Using the traditional gold standard of viral culture to define cCMV infection, the overall rate of infection was two of 137 (1.5%), with a rate of one of 79 (1.3%) for the VLBW infants and one of 58 (1.7%) for the SGA infants.
DISCUSSION
The present study was designed as a feasibility pilot study for a future larger population-based screening for an entire birth cohort. Therefore, the outcomes of greatest interest were related to the development and feasibility assessment of the tools for such a study. In addition, the maternal seroprevalence and incidence of cCMV were determined for this high-risk group of newborns in a Canadian population.
The authors accounted for all infants eligible for the study. There was no evidence of a significant difference between the infants entered and not entered in the study, except for the birth weight of SGA infants. Larger, more mature, infants were discharged from the hospital sooner, often within 24 h of birth; therefore, the parents were less likely to be contacted to give informed consent. The difference in mean birth weight would not have likely affected the rate of CMV positivity in the tested subjects. However, this difference in contact rate provides important data documenting the difficulty of entering all infants into a hospital-based population screening study if parental contact is required. Low-risk term infants are typically discharged from hospital within 24 h of birth in Canada. If parental contact and consent were required, the screening would clearly be incomplete This finding supports the need for universal screening of all newborns to be routine. The study describes the demographics of these high-risk infants for a Canadian population in northern Alberta using a newly developed questionnaire. Although this pilot study was too small to assess the statistical significance of demographic risk factors for cCMV infection, the association with maternal CMV seropositivity was investigated. The strongest evidence for an association with seropositivity was found for non-Caucasian ethnicity and birth outside of Canada, with almost 100% of mothers in these categories being seropositive for CMV. In contrast, only 33% of Canadian-born Caucasian mothers were seropositive. There was no evidence of an association with other demographic factors previously associated with maternal CMV seropositivity such as younger maternal age and unmarried marital status. Factors such as household crowding, contact with young children both in the home and day care settings, and possible occupational risk factors such as work in a child day care centre have been associated with higher seroprevalence and seroconversion in the populations tested (44, 45) . Even in this small pilot study, the association with household contact with young children and CMV seropositivity was suggested. These demographic risk factors have important implications in counselling pregnant women now and targeting future prevention programs. A study of an entire birth cohort would be necessary to characterize the full spectrum of risk factors, clinical manifestations and long-term sequelae of cCMV in Canada.
Ninety seven per cent (133 of 137) of the infants entered into the study had at least one specimen sent for viral culture. The throat swab was collected most frequently. The urine was collected less frequently and this was primarily for logistical reasons of ease and time of collection. As expected, the rate of cCMV infection in this small sample of high-risk infants was relatively high. The rate for VLBW infants likely represents a true population-based rate for this region of Canada because all VLBW infants for this geographical region would have been captured in the study. The rate of infection for SGA infants is less likely to be population based and may suffer from some referral bias. Most, but not all, SGA infants for the region would have been admitted to the RAH nurseries. However, this is the first time the rate of infection has been determined for these high-risk groups in Canada.
The two cases with positive CMV viral cultures are typical of primary and reactivation disease, respectively. Case 1 illustrates primary infection during pregnancy in a woman of high socioeconomic status who delayed primary infection until young adulthood. Her infant was symptomatic at birth and manifested neurodevelopmental sequelae on follow-up. The infant was viremic in the neonatal period as indicated by the positive PCR on DBS. Case 2 likely represents asymptomatic infection caused by CMV reactivation in a previously infected mother. This mother is older, multiparous and an immigrant from a country with higher endemic infection rates. Longerterm follow-up will be required to document the possible occurrence of late sequelae.
There were four infants with positive CMV results in the study. Two infants fulfilled the traditional gold standard of having positive CMV cultures. One of these two infants was symptomatic at birth and only the symptomatic infant also tested positive for CMV by PCR with DBS. This is consistent with previously reports that DBS screening may miss infants who are not viremic (46) or have a low viral load (47) at birth and are asymptomatic. A screening program which relies on initial DBS PCR testing followed by viral culture as has been proposed by others (34, 48) may not have adequate sensitivity or specificity. On the other hand, the two infants who tested positive only by CMV LC-PCR were asymptomatic, and one of them tested positive with DBS only. The amount of CMV virus in the specimens that were positive by CMV LC-PCR only was lower than in the specimens that were also culture positive (Table 3 , cases 3 and 4) Although a false-positive PCR test is possible and has been considered as such by others in a screening program (3), it is unlikely to be the explanation for multiple positives from different specimens in the same infant. The quantitative CMV viral load in amniotic fluid was shown to be an important prognostic factor for making a prenatal diagnosis of cCMV (49, 50) . PCR assays across laboratories are not standardized. Defining a threshold of CMV viral load in urine and throat swabs that will correlate with clinically relevant cCMV infections would be important in the validation of PCR diagnostic assays. The limitations of the study are primarily related to the small sample size, which was anticipated because it was a pilot study. The number of eligible study candidates who were not entered into the study because they were not contacted or did not consent would be unlikely to have affected the results; the groups were accounted for and compared for birth weight. The small sample size of high-risk infants may also mean that there were associations with risk factors for seropositivity that the study did not detect and the full spectrum of cCMV disease could not be described. Some of the specimens for PCR were not processed appropriately at the beginning of the study, but these logistical challenges were addressed early on and resolved to the extent that a useful volume of testing was ultimately performed.
SUMMARY AND CONCLUSIONS
The present study piloted the use of tools for a cCMV screening program in a population of high-risk newborns in Canada. The challenges of recruiting and collecting specimens from a variety of newborn populations were documented. The overall demographic characteristics, maternal CMV seroprevalence, risk factors for maternal CMV seropositivity and rate of cCMV infection were determined for this population.
The maternal seroprevalence for CMV varies widely, and the most important demographic risk factors for CMV seropositivity were non-Caucasian race and birth outside of Canada. The cCMV infection rate was 1.5% overall in this high-risk population. A cCMV screening program should be universal and routine to successfully screen all newborns, and the cost-effectiveness of such programs should be assessed in the Canadian context. Our experience suggests that DBS PCR is not an adequate screening tool; throat swab PCR may be the best screening specimen and the ideal testing methodology is still to be determined.
